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R ^l^£L 0N " C0MPETKNT HERPES SIMPLEX VIRUS 
MEDIATES DESTRUCTION OP NEOPLASTIC CELLS ' 

Jqclwrpund of eh f TnYPnri ^ r 
The present invention relates to the use of an 
altered herpes simplex virus that is capable of killing 
tumor cell*. More specifically, the present invention 
relates to a mutated, replication-competent Herpes 
Simplex Virus -1 (HSV-l) which contains mutations in two- 
genes, is hypersensitive to antiviral agents such as 
acyclovix, is not neuxovirulent and does not replicate in 
non-dividing cells, yet can kill nervous system tumor 
cells. 

Malignant tumors of the nervous system usually are 
fatal, despite many recent advances in neurosurgical 
15 techniques, chemotherapy and radiotherapy. m 
particular, there is no standard therapeutic modality 
that has substantially changed the prognosis for patients 
diagnosed with malignant brain tumors. For example, high 
mortality rates persist in malignant medulloblastomas, 
malignant meningiomas and neurofibrosarcomas, as well as 
in malignant gliomas. 

Gliomas are the most common primary tumors arising 
in the human brain. The most malignant glioma, the 
glioblastoma, represents 29V of all primary brain tumors, 
2S some 5, 000 new oases per year in the United States alone. 
Glioblastomas are almost always fatal, with a median 
survival of less than a year and a 5 -year survival of 
5.5* or less. Nahaley et al. , J. Heuromirg. ti , safe 
(1989); Shapiro, et al., J". Weurosurg. 71j 1 (1989); Kim 
30 etal., J. Jfeurofforg-. 74: 27 (1991). After glioblastomas 
are treated with radiotherapy, recurrent disease usually 
occurs locally; systemic metastases are rare. Eochberg 
ct al., neurology 30 ; 907 (i960). Neurologic dysfunction 
and death in an individual with glioblastoma is due to 
35 the local growth of the tumor. 

In the past, viruses have been tested for their 
a b ility to treat various types of tumors in animals or 
humans. The proposed therapeutic mechanisms of viral 
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cancer therapy in the prior art includes: (i) producing 
new antigens on the tumor cell surface to induce 
immunologic rejection, a phenomenon called 
"xenogenisation" , and (ii) direct cell killing by the 
5 virus, called oncolysis. Austin et al«, Adv. Cancer Res. 
30: 301 (1979); Xobayaehi et al., Adv. Cancer Res. 30: 
279 (1979); Moore, Progr. Exp. Tumor Res. 1:411 (I960). 
Treatments for tumors in both animals and in humans have 
been based on wild-type virus, passage attenuated virus, 

10 or infected cell preparations. Kobayashi, Adv. Cancer 
Res. 30: 279 (1979); Cassel et al-, Cancer 52: 856 
(1983); Moore, Prog. Exp. Tumor Res. 1: 411 (1960). 

Several animal models and animal tumors have been 
used to study oncolysis with wild- type viruses. Moore, 

15 Ann- Rev. Microbiol. 8: 393 (1954); Moore, Progr. Exp. 

rumor Res. 1:411 (1960) , At l«ast nine viruses have been 
shown to be capable of inducing some degree of tumor 
regression in a variety of tumors in mice, rats, rabbits, 
and guinea pigs. A major drawback seen in these early 

20 animal studies* however, was systemic infection by the 
virus. 

To avoid systemic infection, the genetic engineering 
of viruses for use ac antineoplastic amenta has focused 
on generating altered viruses that are not capable of 

25 replication in non-dividing cells. Viruses capable of 
replication in dividing cells preferentially infect 
rapidly dividing tumor cells because they are incapable 
of replicating in non-dividing normal cells - 

The use of replication-incompetent or defective 

30 viruses r which require helper viruu to be able to 
integrate and/or replicate in a host cell, was hoped to 
prevent damage to non- tumor cells . The replication- 
defective herpes simplex virus vector system consists of 
an eaplicon plasmid which, in herpes simplex virus 

3S infected cells, is replicated and packaged into viral 
particles. Defective herpes simplex virus vectors 
require helper virus to generate a herpes simplex virus 
vector. 
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The use of replication-defective retroviruses for 
treating nervous syscem.tumors requires producer ceils 
and has been shown to be limited because each 
replication-defective retrovirus particle can enter only 
5 a single cell and cannot productively infect others 
thereafter. Because these replication-defective 
retroviruses cannot spread to other tumor cells, they 
would be Unable to completely penetrate a deep, 
nrultilayered tuner in vivo. ' Markert et al., fieurvourg. 
10 77: 590 (1992) . 

Clinical trials employing retroviral vector therapy 
treatment of cancer have been approved in the United 
States. Culver, Clin. Chem 40: 510 (1994). Retroviral 
vector-containing cells have been implanted into brain 
15 tumors growing in human patients. Oldfield et al., Rum. 
dene 7i*er. 4 s 39 (1993) . These retroviral vectors 
carried the HSV-l thymidine kinase (BS-tk) gene into the 
surrounding brain tumor cells, which conferred 
sensitivity of the tumor cells to the anti -herpes drug 
2 0 ganciclovir . Of eight patients with recurrent 
glioblastoma multiforme or metastatic tumors treated by 
stereotactic implantation of murine fibroblast cells 
producing retroviral vectors, five patients demonstrated 
some evidence of anti- tumor efficacy bat none were cured. 
25 Culver, s^pra (1994) . Some of the limitations of current 
retroviral based therapy as described by Oldfield are (1) 
the low titer of virus produced, (2) virus spread limited 
to the region surrounding the producer cell implant, (3) 
possible immune response to the producer cell line, (4) 
30 possible Insert ional mutagenesis and transformation of 
retroviral infected cells, (5) single treatment regimen 
of pro- drug, ganciclovir, because the "suicide* product 
kills retrovirally infected cells and producer cells and 
{6) the bystander effect limited to cells in direct 
35 contact with retrovirally transformed cells. Bi, W. L. et 
al. r Human Gene Therapy 4:725 (1993) . 

In the early 1990' s, Che use of genetically 
engineered replication -competent HSV-l viral vectors was 
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first explored in the context of antitumor therapy. 
Martuaa et al.. Science 252: 654 (1991)'. a replication- 
competent virus has the advantage of being able to enter 
one tumor cell, make multiple copies, lyse the cell and 
5 spread to additional tumor cells. A thymidine kinase - 
deficient (TIT) mutant, dleptk, was able to destroy human 
malignant glioma cells in an animal brain tumor model. 
Martuza, supra (1991) . Unfortunately, . the dleptk mutants 
were only moderately attenuated for neurwiruience and 
10 produce encephalitis at the doses required to kill the 
tumor cells adequately. Markert et al . , Neurosurgery 32 : 
597 (1993) . Residual neurovirulence, as evidenced by a 
50% lethality of intracranially-administered, 
replication-deficient herpes sin^lex virus viral vectors 
15 at 10 a plaque forming units (pfu) limits the use of such 
vectors for tumor thQrapy. Furthermore, known TIT nsv-i 
mutants are insensitive to acyclovir and ganciclovir, the 
most commonly used and efficacious anti-herpetic agents. 
Therefore, it remains of utmost importance to develop 
20 a safe and effective viral vector for killing tumor 
cells. Even though various attempts have been made to 
engineer a viral vector able to kill human tumor cells In 
vivo/ no viral vector has provided attenuated 
neurovirulence at the dose required to kill tumor cells 
55 while exhibiting hypersensitivity to antiviral agents and 
an inability to revert to wild-type virus. Currently, no 
viral vector has been demonstrated to meet these 
criteria. 

Summary of th Q Invent^ 
0 It ia therefore an object of this invention to 

provide a replication-competent viral vector, suitable 
for use in humans, that is capable of killing human tumor 
cells in vivo, that exhibits hypersensitivity to anti- 
viral agents and an inability to revert to wild-type 
5 virus, and that is not neurovirulent at a dose required 
to kill tumor cells. 

It is anoth e r object or the present invention to 
provide for the production of a replication-competent. 
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herpes simplex virus-derived vector that i 8 effective and 
safe for use in the treatment of malignant brain tumor* 
m humans. 

It ±s a further object of the invention to provide 
5 a safe, mutated HSV-l vector, for use in the context of 
a vaccine or tumor therapy, which vector is incapable of 
reverting to wild-type form tnrougn a spontaneous single 
mutation. ^ 

Still another object of the p « e6nt iav ^ tioa is to 

10 provide a mutant HSV-l vector that can selectively 

replicate in and kill a tumor cell of non-nervous tissue 
origin. 

An additional object of the present invention is the 
production of a replication-competent viral vector. 
derived frCra her P ea 8i -Plex virus, which can be employed 
*n * genetic therapy against tumors by expressing foreign 
genes to target an immune response that kill, the tumor 
cells. 

Yet another object of the present invention i* the 
20 production of a mutant herpes simplex virus vector 
containing a tumor cell-specific promoter so that the 
vector can be targeted to specific tumor cells. 

It is also an object of the present invention to 
provide for production of a replication competent viral 
vector that ia effective and eaf e Zor U8e as a vaccine to 
protect against infection by herpes simplex virus. 

In satisfying these and other objects, thare has been 
provided, in accordance with one aspect of the present 
invention, a replication-competent herpes simplex virus 
that is incapable of expressing both (i) a functional 
T34.S gene product and (ii) a ribonucleotide reductase, 
m a preferred embodiment, the vector contains 
alterations in both genes. 

In accordance with another aspect of the present 
3S invention, a method has bean provided for killing tumor 
cells in a subject, comprising the step of administering 
to the subiect a pharmaceutical composition comprising 
(A) a herpes simplex virus vector that ie altered in (i) 
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the 734.5 gene, and (ii) the ribonucleotide reductase 
gene; 'and (B) a pfaarmaeeutieally acceptable vehicle for 
the vector, such that the tumor cells are altered In situ 
by the vector and the tumor cells are killed. The tumor 
5 cells can be of a nervous-system type selected from the 
group consisting of astrocytoma, oligodendroglioma, 
meningioma, neurofibroma, glioblastoma, ependymoma. 
Schwannoma, - neurofibrosarcoma, and medulloblastoma . 
Other kinds of tumor cells which can be killed, pursuant 

10 to the present invention, include those selected from the 
group consisting of melanoma cells, pancreatic cancer 
cells, prostate carcinoma cells, breast cancer cells, 
lung cancer cells, colon cancer cells, lymphoma cells, 
hepatoma cells and mesothelioma and epidermoid carcinoma 

15 cells. 

In accordance with still another aspect of the 
present invention, a method is provided for killing tumor 
cells in a subject, comprising the steps of administering 
to the subject a herpes simplex virus vector, wherein the 

20 vector conrprises a tumor cell -specific promoter wherein 
the promoter controls expression of at least one viral 
protein necessary for viral replication and wherein the 
promoter is induced selectively or at a higher level in 
tumor cells than in normal cells. This method can ential 

25 the use of a promoter that is selectively capable of 
expression in nervous -system tumor cells, for exanqple, 
glioblas toroa cells, medulloblastoma cells, meningioma 
cells, neurofibrosarcoma cellB, astrocytoma cells, 
oligodendroglioma cells, neurofibroma cells, ependymoma 

30 cells and Schwannoma cells. 

A method also in provided for preparing a 
repl ica tion - competent vector of a herpes simplex virus, 
comprising the steps of (A) isolating a viral genome of 
the herpes simplex virus; and (B) permanently altering 

35 the genome so that the virus is (1) sensitive to 
antiviral agents, (2) kills tumor ©alls and {2} expresses 
decreased generalised aeurovirulence . For example, the 
the herpes simplex virus of the vector can be ESV-1 or 
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HSV-2. 

The present: Invention lurcher provides for a method 
of protecting a subject against herpes simplex virus 
infection, comprising the step of administering to the 
5 subject a pharmaceutical composition that is comprised of 
(A) a herpes simplex virus vector wherein the genome of 
the virus £0 altered in (i) the y34,S gene, and (ii) the 
ribonucleotide reductase gene; and (B) a pharmaceutically 
acceptable vehicle for the vector. 
10 According to still another aspect of the present 

invention, there has been provided a method of eliciting 
an immune response to a turner cell, comprising the step 
of administering to the subject a pharmaceutics.! 
composition comprising (A) a herpes simplex virus, 
15 wherein the genome of the virus (i) contains an 
expressible non-herpes simplex virus nucleotide sequence 
ffpeoding a desired protein capable of eliciting an immune 
response in the subject, and <ii) is altered in the ?34.5 
gene, and the ribonucleotide reductase gene; and (B) a 
20 pharmaceut ically acceptable vehicle for the virus. In a 
preferred embodiment, the method further comprises the 
step of co-administration with neurosurgery, chemotherapy 
or radiotherapy. 

A mutant viral vector of the present invention is 
25 sensitive to temperatures greater than the basal 
temperature of the host, which provides an additional 
safety feature by further compromising viral replication 
in the presence of encephalitis and fever. 

Other objects, features end advantages of the present 
30 invention will become apparent from the following 
detailed description. Zt should be understood, however, 
that the detailed description and specific exanples, 
while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various 
35 changes and modifications within the spirit and scope of 
the invention will become apparent to those skilled in 
the art from this detailed description. 
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The present invention can be understood more fully 
by reference to the following drawings, where: 

FIGURE l is a schematic illustration of the 
construction of a mutant herpes simplex virus containing 
5 a 1 kB deletion in both copies of the 734.5 gene and an 
insertion in the ICP6 gene. 

FIGURE 2 shows the sequence arrangement of a mutant 
herpes simplex virus, G207-1, con^ared to its parental 
wild- type background (strain F) . The abbreviations ar«* 
10 B, BaaSX; Be # fistBII? G, BglHI; N, /tool; 2, Seal; St, 
Stul; and X, Xhol. 

FXGOKEj 3 is a graph illustrating the ability of G207- 
1 and G207-2 to kill all human U-87MG glioma cells in 
culture, including at low multiplicity of infection 
IS (MOIbO.01). 

FIGURE A is a graph illunrrating the ganciclovir 
(GCV) sensitivity of R361€, G207-1, and G207-2 which 
reveals that 6207*1 and G207-2 are ten-times more 
sensitive to ganciclovir than R3616. R3616 (strain F) has 
20 the same sensitivity to ganciclovir as strain KOS (wild* 
type) . 

FICgJRB ,5 is a graph illustrating the ability of G207- 
1 and G207-2 to inhibit the growth of human brain tumor 
cells (U-87MG) in the subcutaneous human brain tumor 
25 model in athymic mice. 

Detailed Description of the Preferred BnihaiHmqnfcp 
The present invention exploits the ability of mutant, 
replication-competent KSV-i to enter a tumor cell in 
situ, make multiple copies, lyse the tumor cell and 
30 spread to additional tumor calls with relatively minor 
effects on the surrounding normal cells. The mutant 
herpes simplex virus of the present invention has each of 
the following characteristics: (1) efficacy in killing 
human brain tumor cells , (2 ) marked attenuation of 
35 generalized neurovirul ence to protect the normal brain, 

(3) multiple deletions so that a single mutation cannot 
cause z a ver sion to the wild-type viral phenotype, and 

(4) hypersensitivity to ganciclovir so that undesired 
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spread of the virus can be prevented. The mutant virus 
of the present invention .is capable of replicating in 
neoplastic cells but spares surrounding non-neoplastic 

tissue . 

Viruses of the instant invention are engineered to 
contain alterations in the expression of at least two 
specific HSV-i genes: ti, the r3 4.s gene and ( 2 ) the 
ribonucleotide reductase gene. Alterations in this 
****** include «y uu^t dic„pt th. Wea of ^ 
Product of both of the * 34 .5 gene and the ribonucleotide 
^uctase gene. The presence of such multiple mutations 
further reduces the possibility of reversion to wild-tyT 
Pathogenicity. The present invention provides methods 
15 ^r 911 ^ 1 " 117 -d testing viruses for the 

15 ability to effectively kill brain tu*or cells without 
banning surrounding normal brain. Additionally 
notations can be inserted into these vectors to increase 
their sensitivity to systemically administered drugs 

Initial work on the use of attenuated herpes eiaplex 
virus vectors for use in an ti -rumor therapy employed HSV- 
1 nutated in one gene allowing the vector to replicate in 
dividing cells, but not in non-dividing cells. Two such 
single gene-mutant herpes simplex virus vectors are (a) 
hrR3 ' ^"dent in ribonucleotide reductase, containing 
an fecberiofei* aali lacZ g«n« i M «rtion in th. ICPS gene 
that encodes the large aubunit of RR, [Mineta, T. et al 
30 Gene Zfcerapy l;S78 (1994) and Mineta et al., * 
tfeurosurg. 80: 381 (1994)],- and (2) R3€16. which contains 
mutations in both copies of the y-34.5 gene. Markert et 
al., Jtearosuryery 32: 597 {1993). 

Mutants of ribonucleotide reductase have been 
35 constructed by a number of method*. The faxft3 mutant 
contains an Escherichia eoli lacZ gene insertion in the. 
1CP6 gene, which encodes the large eubunit of 
ribonucleotide reductase, other ribonucleotide reductase 
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herpes simplex virus mutants are suitable for 
constructing the mutant .viral vector of the invention. 
Goldstein and Weller, supra} Goldstein and Weller, supra; 
Preston et al-, Virol- 167: 456 (1988). 
5 Ribonucleotide reductase (RR) is a key enayme in the 

de novo synthesis of EN& precursors/ catalyzing the 
reduction of ribonucleotides co deoxyrlbonucleotldes . 
HSV-1 encodes its own RR (UL39 and UL40 genes) , which is 
composed of two non- identical «ubunits. Dai tie., »7_ Cen. 

10 Virol. 64: 513 (1983) . The large subunit (140k molecular 
weight), designated ICF6, is tightly associated with the 
small subunit (38k molecular weight) . Herpes simplex 
virus RR is required for efficient viral growth in non- 
dividing cells but not in many dividing cells. Goldstein 

15 and Weller, J. Virol. 62* 196 (1988); Goldstein and 
Weller, Virol. 166: 41 (1368); Jacobsoa at si. , Virol. 
173: 276 (1989). Both RR subunits are present in HSV-2. 
It is noted that BSV-1 XCF6 is the same as HSV-2 ICP10. 
Nikas et al. , Proteins 15376 (1986); McLaughlan and 

20 Clements EMBO «7. 2: 1953 (1983); Swain and Halloway J 
Virol. 57: 802 (1986) J and mutations in the small subunit. 
of RR also leads to loss of RR activity and 
neuropathoflpe n i c ity {Cameron et al. , %7. Gen. Viral. 69: 
2607 (1988) ] . The presence of the lacZ gene in hrR3 

25 allows identification of virally- infected tumor cells 
using 0-galactosidase histochemistry . 

The cytopathic effect of hrR3 (0.1 pfu/cell) on the 
U-87MG human glioblastoma cell line in vitro was 
significant; only 0.2% of U-87MG cells were alive 67 

30 hours post- infection. For in vivo studies/ ten animals 
harboring U-87M3 tumors were randomly divided and treated 
intraneoplastically with either 5 x 10 5 plaque-forming 
units of hrR3 or with medium alone. The viral treatment 
group showed significant inhibition of tumor growth 

35 (p<o.0i, one-sided Wil c oxon rank test) . 

An important difference between ribonucleotide 
reductase deficient (KIT) and other berpea simplex virus 
mutants is hrR3's hypersensitivity to acyclovir and 
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ganciclovir. Because TK HSV-i ^tants known in the arc 

ZlT^l ^ ***** ^ ti ' Viral a ^ t8 ' «"* mutants 
£uld>e difficult to eliminate in the event of systemic 

infection or encephalitis. Thus, in ^ event of viral 

5 oncepnalicis , hrR3 is responsive to antiviral therapy 

Also, herpes simplex virus RR- mutants are severely 

synthesize viral «tt at 3S. S o C in vitro. Goldstein and" 
Waller, VSrolooy 16 6: 41 < 198 8). Therefore, these 
mutants are attenuated for neurovirus and less likely 
to propagate in the event of a fever in the infected 
hOSt ' Characteristics are essential to a 

therapeutic vector which must be of attenuated 

*5 event of viral encephalitis. 

Herpes simplex virus mutant* deficient in only the 
734. S gene, such as R3616, axe attenuated for 
neurovirulence, which reduces the possible damage to 
normal brain cells. Coodman et al., virvl. 63s i 153 
20 (1989), Chou et al., Science 250: 1262 (1990}. The 
decre * aed ««*ovirulence of R3616 ia putatively 
associated with the cessation of neuronal protein 
synthesis, which la preempt.* i„ wild-type h^ a sL-mpi^ 
virus infection. Chou and Roisman, Proc. jfct'l Acad. Sci 
25 USA 69: 3266 (1992). The ^34.5 gene product can be 
detected by Western blot or ELISA analysis of infected 
cell proteins with antibodies or lack of replication in 
confluent primary cells, see Boiovan et al., i7. Virol. 
68: 48 (1994). The T 34.5 gene is also present in BBV-2. 
30 McSeoch st al., j\ Can. Virol. 73.30S7 (issi) . The T 34.s 
gene has been sequenced in four strains of HSV-l, namely 
F, 17, MGH-10 and CVG-2. Chou and Roizman, J. viro2. 64: 
1014 (1990). The y34.5 gene mutant HSV-l vectors retain 
a wild-type level of sensitivity to acyclovir. Markert et 
35 al., supra (1993). 

Mutants of 734. S nave been constructed by various 
investxgatex-o uol&g different techniques and ia different 
strains such as mutant 1771 (McXie et al., J. Gea. vizol. 
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75:733 (1994)] and I7terma tBolovan et al . , J. Virol. 68: 
48 (1994)] In BSV-1 strain 17. 

Construction of Herpes Simplex Virus Vectors 
HSV-1 is a human neurotropic virus that is capable 
■ " * of infecting virtually all vertebrate cells. Natural 
infections follow either a lytic, replicative cycle or 
establish latency, usually i» peripteral gauglia, where 
the DNA is maintained indefinitely in an epieomal state. 
Replication-competent recombinant herpes/ iiimplex 
10 virus vectors of the instant invention contain 
alterations in expression of two specific herpes simplex 
virus genes: (H the 734.5 gene and (2) the 
ribonucleotide reductase gene. Such alterati ^^ 
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che product of both genes nou- functional or reduce their 
expression such that the mutant herpes simplex virus 
vector has the properties of the infant i^ t io^J=y, 
to achieve such alterations include (a) any method to 
disrupt the expression of the product of both of these 
genes or lb) any method to render the expressed 734-5 
oene product and ribonucleotide reductase nonfunctional. 

iLerou* methods known to disrupt the expression of 
a gene are known, including the alterations of these 
geL or their proper ..ounces in the HSV-1 genome by 
insertions, deletions and/or base changes. Roi^an «* 
aeakins. Science 229: 1208 (198S) . Tl, e stated herpes 
simplex vims vector of the instant invention xs a 
replication competent herpes simplex virus whose genome 
7^ IT^e 734.S gene and the ribonucleic 
reductase gene. Alterations in the 734.5 gene and the 

elSeTthe structural or regulatory sequences of these 
ge ^ oenetic alterations can be 

f^hods such as Southern blot hybridization of 
gene irox ribonue leetide reductase activity 
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blot or ELISA analysis of infected cell proteins with 
antibodies to RR or t34.5,_ and/or lack of replication in 
confluent primary cells for 734.5. See Bolovan et al., 
47. Virol. 66 s 46 (1994)] or mouse cells for RR- [Jacobson 
5 ceal.! Virology 173 : 276 (1989). 

The following genetic manipulations of herpes simplex 
virus provi de examples to illustrate the production of 
mutant herpes simplex virus vectors. The engineering of 
the herpes sitnplex virus vectors of the instant -invention 

10 exploit two well-characterized genes, the ?34.5 and 
ribonucleotide reductase genes, in a biologically well- 
characterized virus. 

A herpes simplex virus vector that has been mutated 
in its 734. s and ribonucleotide reductase genes can be 

15 isolated after mutagenesis or constructed via 
recombination between the viral genome and genetically- 
engineered sequences. The high rate of recombination in 
herpes simplex virus and the fact that trans f ected viral 
oka is infectious renders genetic manipulation very 

20 straightforward. These genetically-altered, replication- 
oo^oteat viruses can be used in the safety and efficacy 
assays described below. 

HSV-1 contains a double-stranded, linear DMA genome, 
153 kilcbaaes in length, which has been completely 

25 sequenced by McGeoch. KcGeoch et al., J. Gen. Virol. 69: 
1531 <1988). KcGeoch et al-, Nucleic Acids Res 14: 1727 
(1986); KcGeoch et al., J. Mbl. Biol. 181: 1 (1985); 
Parry end KcGeoch/ i7. Gen. Virol. 69: 2831 (1988). DNA 
replication and virion assembly occurs in the nucleus of 

30 infected cells- I*tft in infection, concatemexic viral 
DBA is cleaved Into genome length molecules which are 
packaged into virions- In the CRS, herpes simplex virus 
spreads transueuronally followed by intraaxonal transport 
to the nucleus, either retrograde or anterograde, where 

35 xoplication occurs. 

SKA constructs employing HSV-2 based on those 
illustrated herein wing the HSV-1 genome are eneoopasoed 
by the present invention. HSV-2 contains both RR 
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flUbunits; HSV-1 ICP« is analogous to HSV-2 ICP10. Nikas 
et al., Protein i: 376 a?86); McLaughlan ^ aeneats 
««BO^ 2: 19M (1983) ; Swain and Halloway, j. virol 57' 
802 (1986). y34.S is also present in HSV-2. McGeoch et 
al., J. Gen. Virol. 72i 3057 (1991). 

IJpaianeat of ^ Gene arpreasioa via Modification 
Szbonucleotide Seduct^e SeguSSr? 

Another way to render a herpes simplex virus 
incapable of expressing functional 7*4.5 gen* product and 
ribonucleotide reductase is to impair their egression 
The expression of these two genes can be halted by 
altering the regulatory sequences of the 7-34.5 ^ 
ribonucleotide reductase genes. 
IS The regulatory regions for y34.5 and/or 

ribonucleotide reductase can be altered by standard 
techniques to disrupt the expression of the 734 S and 
ribonucleotide reductase gene. For example, their 
regulatory sequences could be altered within the viral 
genome using techniques described above for the 
alteration of coding, sequences. 

The promoter regions of T 34.5 and ribonucleotide 
reductase ICP6 have been napped. The promoter for 734.5 
has been napped to a regie* within the -a- sequence. The 
'a- sequence also contains sequences for cleavage of unit 
length DNA from HSV-1 concatamers, packaging of HSV-i m 
onto capsids and inversion of l and s components, chou 
and Roizman, J. Virol. 57: 629 (1386). The promoter 
region of 1CP6 has been mapped to the S' upstream 
sequences of the 1CP6 structural gene. Goldstein and 
Heller, J. Virol. 62, 19* (1988); Sae and Herman, virus 
Res. 26: 141 (1992). The transcription start site for 
the small subunit of BR, namely UL40, falls within the 
coding region of I CPS. McLauchlan and Clements, J. Gen. 
V*XOl. G4: 997 (1983) , McGeoch et al., j. Gen. Viral. 69- 
1S31 (1988). 

The effect of these alterations on the regulatory 
capacity of y34.s and j» geaaa can be detected by 
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inserting a reporter gene downstream of the promoter, 
such as that described for the ICP6/lacZ fusion. 
Goldstein and Weller, <J. Virol. 62: 196 (1988) ; Sze and 
Herman, Virus Res. 26: 141 (1992). Because herpes' 
5 simplex virus genes are regulated differently when 
present in the cellular genome, the effects of each 
alteration In the 73*. 5 or ribonucleotide reductase 
regulatory component would be assessed in various 
mammalian target cells. McKnight fit al.,in GANGER CKTiT»fi 

10 4; DNA TUMOR VIRUSES, Cold Spring Harbor (1986) 163-173. 

Additional methods for the construction of engineered 
viruses are known in the art . Additional methods for the 
genetic manipulation of OKA sequences are known in the 
art. Generally , these include Ausubel ec al* , chapter 16 

15 in CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (John Wiley and 
Sons, Inc.); Paolctti ct al« , V.S* Patent 4,602,112 (July 
1986) . Virological considerations also are reviewed in 
Coen D.M. » "Molecular Genetics of Animal Viruses, * in 
VIROLOGY 123-150 (2nd ed.) (Raven Press, 1990) . 

20 The construction of HSV-l vectors is described, for 

. example, in TJ.S. patent Ho. 5,288, 641; Roisaan and 
Jenkins, «7. Science 229: 1208 (198S) ; Johnson et al. 9 J* 
Viral 4 66: 2952 (1992),- Gage et «!•, J"« Virol. 66; S5G9 
(1992); Spaete and Frenkel, Cell 30; 295 (1982); 

2S Goldstein and Keller, J. Virol. 62: 196 (1988), Coen, 
chapter 7, Virology, Raven Press, 1990,- Breakef ield and 
DeLuca, The New Biologist, 3:203 (1991); Leib and Olivo, 
Biofissays 15:547 (1993); Glorioso et al., Seminars in 
Virology 3:26S (1992); Chou and Roizraan, Proc. N&tl. 

30 Acad. SCl.VSA, 89:3266 (1992); Breakf ield et ol . , Walec. 
K&azcbiol. 1: 339 (1987); fihih et al., in: VAOCIHBS 85, 
Cold Spring Harbor Ptms (1985) 177-180; Palella et al-, 
Molac. Cell. Biol. 8: 4S7 (1988); Matx et al,, J. Gen. 
Virol. 64: 2261 (1983); Mocarski et al., Cell 22: 243 

35 (1980); and Coen et al., Science 234: S3 (1986). 

XupertisB J&per&eoaitivlty to Antiviral Agents 
One safety precaution in the therapeutic uoe of 
herpes simplex virus against gliomas involves providing 
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a means to stop any potential infection of other dividing 
cells . Clinical studies . indicate that even wild-type 
HSV-1 viruses generally do not spread far from the site 
of initial infection or cause serious systemic disease in 
5 imraunocoa\petent individuals . sacks et al., Ann. Hat 'I 
Afed. HI: 893 (1989}. 

It is noted that TST viruses have sometimes been 
associated with progressive disease in certain 
iinmunoccraipxxMiised patients and that the HSV^i mutant 
10 dlsptk is resistant to acyclovir, Erlich et'al., New 
£togl. <J. «ed<. 320: 293 (1989); Ooen et aZ., Proc. 2fet'I 
Acad. ScX. USA SG: 4736 (1989). Any mutant replication- 
competent viral vector that is more sensitive to the 
ant i -viral agent than its wild- type parent ie deemed 
15 hypersensitive to the anti -viral agent, potentially 
pro viding a means to abort an undesired spread of the 
mutant virus. 

In constructing herpes simplex virus mutants for use 
in vivo, the mutants are tested for their sensitivity to 
20 current anti-herpetic drug therapies in order to control 
unforeaeeu virulent iufectlons. A number of drugs 
currently are available to treat herpes infections in 
humans, the most effective being nucleoside analogs which 
block herpes simplex virus QK& replication. Three herpes 
25 simplex virus genes are known to be involved in 
sensitivity to nucleoside analogs: herpes simplex virus 
BNA polymerase (UL30, pol) , herpes simplex virus 
thymidine kinase (UL23 , tk) , and CMV UhSl which shares 
homology with protein kinases and bacterial 
30 phosphotransferases. Furman ef. al., «J. Virol. 32 1 77 
(1979); Littler et al., Nature 358: 160 (1992); Sullivan 
et al,, latere 358: 162 (1992). 

There are a number of herpes simplex virus DNA 
polymerase mutants which exhibit hypersensitivity to 
35 ganciclovir, including faa's and AraA r 9. coen et al., «7. 
Virol. 53 1 477 (1985). Unfortunately, intracranial 
Jnjeetlfltnft e€ Ara2L r 9 led no premature daath and had no 
effect on subcutaneous tumor growth. Markert et al. , 
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supra. Another mutant herpes simplex virus, the dleptk 
virus; is no longer jijrug sensitive, at least to 
nucleoside analog drugs, and therefore potentially 
uncontrollable in vivo. 
5 Attenuation for Neruzxjvirulence 

Attenuated or decreased generalized neurovirulence 
mean* that life-threatening- encephalitis does not -t^™* 
after infection with the double mutant herpes simplex 
virus vector of the instant invention. Because herpes 

10 simplex virus -induced encephalitis in humans is very 
difficult to treat and can be fatal, even with adequate 
pharmacologic measures, decreased generalized 
neurovirulence is an important feature of the instant 
invention. The mutant virus of the present invention is 

15 capable of replicating in neoplastic cells but spares 
surrounding non- neoplastic tissue. 

Different herpes sisplex virus strains vary in 
neurovirulence and more attenuated strains may be 
employed in the construction of the double mutant to 

20 further decrease neurovirulence. 

Other HSV-l strains available from ATCC include BF (ATCC 
VR-260) , Maclntyre (ATCC VR-539) , MP (ATCC VR-735) and 
H5V-2 strain* O (ATCC VR-734) and MS (ATCC V3-540) . 

Alternatively, any herpes sitnplex virus gene mutation 
25 leading to decreased viral replication in vivo and/or in 
specific cell populations may be used in the mutated 
herpes einqplex virus vector of the invention. Other 
neurovirulence genes include: (i) dUTPase [Pyles et al., 
J. Virol. 66:6706, (1992) ], (ii) UL53 [Moyal et al., 
30 Virus Rem* 26:99 (1332)1, (iii) o22 [Sears et al., tf. 
Virol. 55: 338 (1985)] and (iv) US3 [Meignier et al. f 
Virology 162:251 (1988)]. 

From a clinical perspective, herpes simplex virus 
encephalitis is the most commonly reported viral 
35 infection of the central nervous system (CSS) in the 
T&ited States, with an estimated incidence of 2.3 cases 
per million population. Herpes simplex virus 

encephalitis is usually localised to the temporal lobe 
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and the limbic system and histological examination of 
autopsy cases demonstrate^ viral antigen at these sites • 
A number of drugs are available to control infection f 
including acyclovir 5-92 -hydroxyethoxy-metfayl ) guanine , 
5 Zovirax 9 / adenine arabinoside (Vidarabine*) , foscaraet 
(phoephonoformic acid f PPA) and ganciclovir 9(1,3- 
dehydroxy-2 -propoxy) methylguanine , DHPG, 2 'NDG, 
cytovene*. See Whitley et al., in Lopez et al.< (eds-) 
IMMOSaBIOI/XSY AND PROPHYLAXIS OF HUMAN HERPESVIRUS 

10 INFECTIONS, page 243 (1950, Plenum Press, N.Y.); Whitley 
et a!. , tf. Engl. J. Med. 297: 289 (1977); Oberg, 
Pharmacol. flier. 19: 387 (1983) ; DeArmond, Transplant. 
Pzoc. 23: 171 (1991). 

Achieving Tuaor^sppcl flcl ty 

IS Because herpes simplex virus has a very broad host 

range and seems capable of infecMng «13 cell types in 
the CHS r herpes simplex virus mutants of the instant 
invention may be targeted to specific tumor types using 
tumor cell-specific promoters. The term "tumor cell- 

20 specific pr o mo ter* indicates a promoter that is induced 
selectively or at a higher level in the target tumor cell 
than in a normal cell. Tumor cell-specific promoters 
include promoter© that are induced selectively or at a 
higher level in a particular cell type or a tumor cell. 

25 The vectors of the invention also can he designed to 

selectively replicate In and kill a tumor cell of nan- 
nervous tissue origin. The herpes simplex virus vector 
of the invention is engineered to place at least one 
viral protein necessary for viral replication under the 

30 control of a cell epeoifio or tumor cell-specif io 
promoter. The tumor cell-specific promoter is induced 
selectively or at higher levels in tumor cells than in 
normal cells. 

Such tumor cell -specific, HSV-1 mutants utilize 

35 promoters from genes that are highly expressed in the 
targeted tumor, such as the epidermal growth factor 
receptor gene promoter <SCPr) or the basic fibroblast 
growth factor (bFG&) gene promoter or the HBSTIN or other 



WO 06/00007 



- 19 - 



PCTSUS9M>7858 



cumor associated promoters or enhancer elements to drive 
expression of an essential herpes simplex virus gene 
(e.g., ICP4) , under circumstances in which the wild-type 
essential herpes simplex virus gene would not be 
expressed. Rendering the essential herpes simplex virus 
gene non- functional can be achieved by genetic 
inactivatioa or replacement of promoter with tumor cell- 
specific promoter. 

The instant invention encotnpassee a hdfet-range 
conditional herpes simplex virus mutant where an 
essential viral gene product is under the control of a 
tumor cell-specific promoter rather than its own viral 
promoter. In permissive cells, containing the proper 
regulatory proteins for this specific promoter, the 
essential viral gene product is expressed and the virus 
is able to roplicate and *pread to adjaeont colle until 
a non-permissive cell is infected. These studies are 
applicable to the replication-con$>etent herpes simplex 
virus of this invention. These constructs, however, are 
only replication-competent in the correct cell types 
(i.e., tumor cells) and are replication-deficient in 
other cells (i.e., surrounding tissue). 

Many tumor oell types express phenocypio markers 
which are turned off in the normal, terminally- 
differentiated cell. One can take advantage of this 
altered expression pattern to construct tumor cell* 
specific viruses. Examples of such differentially 
regulated genes in neural tumors include: (i) nestin, an 
intermediate filament protein normally expressed in 
neuroepithelial stem cells, yet not in mature CSS cells, 
which is ubiquitously expressed in human brain tumors, 
most prominently in gliomas, (ii) basic fibroblast growth 
factor (bFGP) f . a differentiation factor and mitogen for 
neuroectoderm, which is highly expressed in human gliomas 
and meningiomas but not in metastatic brain tumors or 
normal brain tissue and (iii) epidermal growth factor 
receptor (EGFr) , a membrane -bound tyroaine-*peci£ic 
protein kinase that is stimulated by BGF, which is very 
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often ^expressed, altered and the gene amplified in 
***** Mgh ***** gliomas. but rarely in normal brain. ' 

herpes ffi^j^ vItub Vectors Effective for 

Xeoogenlsa tioa 

5 The mutant harp** sircpi** viru* vector o£ the instant 

onvention can be employed in a genetic therapy against 
specific tumors by expressing foreign gene* i» a tu^r 
cell-specific fashion in order to target an immune 
response that kills the tumor cells. Tepper and Mule 
10 Htaan Cene Th&apy 5: 153 (1994). m addition, the 
instant invention employs the replication competent 
herpes siiaplwc virus vector having decreased 
neurovirulence as a tumor cell modulator or inducer of an 
immune response against the tumor cells. The mutant 
terpes simplex virus vector of the invention can be 
further altered to express cytokines in the tumor target 
cell in order to elicit an immune response against the 
tumor cells. For example, a mutant herpes simplex virus 
vector can ituSuee viral -mediated killing of tumor cells 
which then is amplified by a cytokine-enhanced immune 
response, a cytokine having been expressed by tha vector 
itself. The expression of cytokines, or other gene 
products, from the mutant herpes simplex virus vector 
would occur within hours of infection so that sufficient 
gene products would be synthesized prior to cell killing. 
Cell killing may even increase the efficacy of the anti- 
tumor immune response. Barba et ml.. Proc. jfet'l Acad. 
Sci. USA 91: 4346 (1994) . 
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Herpes gjgg>2ex Virus Vector-Mediated Destruction of 
3\2Z&or Cells 

Exemplary candidates "for treatment according to the 
present invention include , but are not limited to 
5 (i) non-human Animals suffering from tumors and 
neoplasms . (ii) humans suffering from tumore and 
neoplasms, (iii) animals suffering from nervous system 
tumors and (iv) patients having malignant brain tumor, 
including astrocytoma, oligodendroglioma, meningioma, 
10 neurofibroma, glioblastoma, ependymoma, Schwannoma, 
neurofibrosarcoma / and medulloblastoraa. 

Praforonfcially, the treatment will be initiated by 
direct iatranecplastic inoculation. For tumors in the 
brain, MR1, CT, or other imaging guided stereotactic 
15 technique will be used to direct viral inoculation or 
virus will be inoculated at the time of craniotomy. 

The pharmaceutical compositions of the present 
invention would be advantageously administered in the 
form of injectable compositions. K typical composition 
2 6 for such purpose would comprise a pharmaceutical ly 
acceptable vehicle. For instance, the composition could 
contain trwffn serum albumin in a phosphate buffer 
containing Nad. Other pharmaceutical^ acceptable 
carriers include aqueous solutions, non-toxic excipients, 
25 including salts, preservatives, buffers and the like. 
See REMINGTON'S PHARMACEUTICAL SCIENCES (15th ed. ) 1405* 
1412 & 1461-1487, Hack Publishing Co. (1975), and THE 
NATION*!. FORMDLARY XIV (14th ©d.) , American 
Pharmaceutical Association (1575) . Examples of non- 
30 aqueous solvents are propylene glycol, polyethylene 
glycol, vegetable oil and injectable organic esters such 
as ethyloleate . Aqueous carriers include water, aqueous 
solutions, saline solutions, parenteral vehicles such as 
sodium chloride, Ringer's dextrose, etc. Intravenous 
35 vehicles i n~lrH* fluid and nutrient repleniehere • The pH 
exact concentration of the various components the 
pharmaceutical composition are adjusted according to 
routine skills in the art. Goodman and Oilman, TEE 
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PHARMACOLOGICAL BASIS FOR THERAPEUTICS (7th ed. ) - 

Typically, the h©rpoc simplex virus vector would be 
prepared as injectablee, either as liquid solutions or 
suspensions; solid forms suitable for solution in, or 
5 suspension in, liquid prior to injection may also be 
prepared. The preparation also may be emulsified. The 
active immunogenic ingredient is often mixed with an 
excipient which is pbarmaceutically-acceptable and 
compatible with the active ingredient. / Suitable 

10 excipients are, for example, water, saline, dextrose, 
glycerol, ethanol, or the like and combinations thereof. 
In addition, if desired, the vector may contain minor • 
amounts of auxiliary substances such as wetting or 
emulsifying agents, pH-buffering agents, adjuvants or 

15 immunopotentiators which enhance the effectiveness of the 

vector vaccine. 

Additional formulations which are suitable for other 
nodes of administration include oral formulations. Oral 
formulations include such typical excipients as, for 
20 example, pharmaceutical grades of mannitol, lactose, 
starch, magnesium stearate, sodium saccharine, cellulose, 
magnesium carbonate and the like. The compositions take 
the form of solutions, suspensions, tablets, piU», 
capsules, sustained release formulations or powders and 
35 contain 10*-9S* of active ingredient, preferably 25-70%. 

The term "unit dose- refers to physically discrete 
units suitable for use in humans, each unit containing a 
predetermined quantity of active material calculated to 
produce the desired therapeutic effect in association 
30 with the required diluent, i.e., carrier or vehicle, and 
a particular treatment regimen. The quantity to be 
administered, both according to xannber of treatments and 
amount, depends on the subject to be treated, capacity of 
the subject's immune system to synthesize antibodies, and 
35 degree of protection desired. Precise amounts of active 
ingredient required to be administered depend on the 
judgment of the practitioner and are peculiar to eacb 
individual. However, suitable dosage ranges are on the 
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order of one to several hundred micrograms of active 
ingredient per individual. Suitable regimes for initial 
administration and booster shots also vary hut are 
typified by an initial administration followed in one or 
5 two week intervals by one or more subsequent injections 
or other administration. 

EXAMPLE 1. CONS TRUC nOW QT EXGHIiX ATTKHUATSD, DOUBLE 

ESV MUTANTS 

Viruses and cell lines 

10 HSV-l wild-type strain (KOS or Strain F) and HSV mutants 

(R3S16, hrR3) were kindly provided by D.M, Coen, B. 

Roizman, J. Chou, and S,K. Weller. HSV-l strain F is 

available as ATCC VR-733; Vero cells are available as 

ATCC ORIi 1567. R3G16, which is derived from HSV-l strain 
15 F, contains a 1-kilobase-pair deletion in both copies of 

the Y34.5 gene.* R3616 was constructed as described in 

Chou et a2., Science 250: 1262 (1990). 

Stocks of viruses were generated in African green 

monkey kidney cell (Vero) cultures as described. Virus 
20 stocks were prepared as described by Coen et al. g <J. 

Virol. M;477 (1965) • 

Human glioblastoma cells U-87MO, T98G, U-138MG, and 
A172 were obtained from American Type Culture Collection 
(Rockville, MD) and cultured in Dulbecco's minimal 

25 essential medium (DKEM) supplemented with 10* inactivated 
fetal calf serum (IPCS) and antibiotics. 

Viral SKA, is isolated from infected cells , which are 
gently lysed with NP40 r treated with KHase, then SDS and 
Proteinase K, and finally extracted with phenol , . 

20 chloroferto/ieoaitylalcohol, and ether. The viral BH& is 
suitable for transfection after precipitation with 
ethanol and resuspension in water. For the generation of 
recombinant viruses, the piece of DNA to be recotnbined 
into the viral genome is excised from a plasmid. The 

35 linear DBA Is co-txansfected with viral DNA into cells 
capable of s upp orting propagation of the recombinant 
pro geny trixus. When extensive, cytopathic effects are 
observed^ progeny virus is harvested. Recombinant 
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viruses are then plated on permissive cells under 
selectable or ecreenable_ conditions. For example, LacZ* 
recombinant: plaques are stained by adding X-gal and blue 
plaques (I*acZ+) are selected. Further plaque 
S purification {three Limes) is conducted before a stock is 
made. 

GaastZUGtian Of herpes aliqplex vinu inaapoblc o£ 

expressing both y34.S gene product and ribonucleotide 
reductase 

10 Herpes simplex virus strains mutated in both the 

734.5 and ribonucleotide reductase genes are constructed 
using standard procedures for the generation of viral 
recombinants as described by Goldstein and Keller* Both 
of thoes geaos are nan essential for viral gr o w th in 

15 culture and therefore null mutants are viable in culture. 
Such double mutants include the insertion of the e. coll 
Lac Z gene in either gene, so that replication in site 
can readily be detected. 

An exemplary mutant herpes simplex virus vector of 

20 the instant invention can be constructed by homologous 
recombination using isolated from R3616 virus and a 
5.3 kB fflndlll-Jgbal fragment of pXX2-/303, One exanple of 
such a mutant within the present invention is designated 
■G207.* Figure 1 illustrates the construction of G207. 

25 Five isolates were purified and termed G207-1, -2, -3, - 

The HSV-1 mutant R3€16, derived from HSV-1 wild-type 
strain V, contains & 1-kB deletion in both copies Of the 
734.5 gene. To construct an ICP6 lacZ insertion in R3616 

30 viral DBA, the 5.3kb filndlll-Zbal fragment of pKX2~£G3, 
which contains a lacZ insertion in the 2.3-kB Xbol 
fragment of I CPS gene, was cotransfected with R3616 
infectious viral BN& into Rabbit Skin (RS) cells , and 
introduced into the viral DMA by homologous 

35 recombination. Plasmid p&u-£G3 containing a lacZ gene 
insertion in the 2.3Kb Zhol fragment of ICP6 gene (SOS) , 
was kindly provided by Dr. 55. K. weller (aniv. of 
Connecticut). Goldstein and Waller , J. Virol. 62 1 196 
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(1900). Plasmid pKpX2' was constructed by partial 
digestion off p£X2-SG3 with BaaSI, removal of lacZ gene 
and religation. Plasmid pRB408i containing Ncol-SphI 
fragment of ?34*S gene, was kindly provided by B. 
5 Koizman. Chou et ai. , Science 25: 1262 (1990). all 
recombinant plasmlds were propagated by standard 
procedures* 

Two hundred to 1,000 infectious units of R3616 viral 
DMA ( approximately ljig) ar<? co-tr&nsf ected wifeh a 10-fold 
10 molar excess of the 5.3kB insert of pKX2-S<33,* which is 
excised by cutting with Xbal and EindLll, to RS cells. 
When wide spread cytopathic effects were observed, 
progeny are harvested and titers determined on Vero 
cells. 

15 on day 2 or 3 following infection, plaques wexe 

stained with X-gal solution. Recombinant viruses were 
identified by plaques staining positive with X-gal. 
Recombinant viral plaques (t34.5-/icP5- and Lacz+) stain 
blue in the presence of X-gal. Recombinant virus from 
blue plaques is purified and the dha analyzed by 
restriction endonuclease mapping to confirm the DH& 
structure off the mutant viruses. Blue plaques were 
purified three times by passage in Vexo cells in a 
limiting dilution method before stocks were made. 
25 The plaque morphology of G207-1 and G207-2 was 

analyzed as well as the effect of various concentrations 
of IFCS -containing medium on plaque morphology. Infected 
verb cell monolayers were cultured at 37°C in medium 
containing 0.5%, 1%, 2.5* and 5% IPCS; were fixed at 36* 
30 46 hr post-infection; and were stained with X-gal, to 
detect fi-gal activity, and then counterstained with 
neutral red. 

G207-1 mutants produced non-syncytial plaques , 
whereas 0207*2 mutants produced syncytial plaques, 
35 characterized by extensive cell-cell fusion. 

Table 1 documents the increasing plaque diameters 
under c ond i t i o ns off increased cell growth for G207~i 
G207-2 . The diameters of plaques were measured using a 
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micrometer under an inverted phase-contrast microscope at 
4 OX magnification. Each value represents the average 
dianeter of 15 plaques. 
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I Dismctss of plttfocf in various ccacauixticG& of IFCS mcdiaa 
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The sequence and gene arrangement of G207 viruses 
compared to its strain F wild-type background is 
illustrated in Figure 2. The boxes on Figure 2's top 

is line represent the inverted repeat sequence flanking the 
long (Vi) and short (Us) comp onents of herpes simplex 
virus genome, which is represented by thin Hoes. The 
expanded domains of the long unique region show the 
location of the ICP6 gene. The thick line shows the 

20 transcribed sequences of XCP6 gene. Mutant 6207 contains 
the structural gene of lacZ inserted into the BanfHI site 
in the ICP6 gene. The expanded domains of the repeat 
regions show the location of the y24. 5 gene. Mutant 6207 
containe a 1KB deletion in lx?Lh copies of the 734. 5 gene. 

25 Analysis of mtant Viral HSR 

In order to confirm the correctly altered structure 
of the herpes simplex virus vectors. Southern blot 
analysis was performed on the mutants of invention . 
Viral BKAs were prepared from partially purified virions. 

30 Total viral OSAs (KDS, hrttt. Strain F, R3616, and G207) 
were digested with restriction endonuclease, separated hy 
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agarose gel electrophoresis in a Tris-borate-EDTA buffer 
and transferred by tlur method of Gouthcrn . Recombinant 
DMAs used as probes for hybridization were labeled by ECL 
labeling Kit ttmar«ham) as suggested by the supplier. To 
5 confirm that the viral mutants contain the lacZ gene at 
the appr o pr iate position, total UNA was digested with Xho 
I and subjected Southern blot hybridization in duplicate. 
Filters were hybridized with labeled pkpX2', which 
contains wild- type sequences of ICP6 gene, ksv-i wild- 

10 type KDS contains a wild- type 2.3 kB Xho 1 fragment, 
whereas, hrR3 (KOS dexived and lac7 Insertion mutant in 
I CPS gene) contains the 5.3 kB fragment expected if the 
lacZ gene was inserted. BSV-1 strain F contains an 
approximately £.0 kB Xho I fragment due to a polymorphism 

15 between herpes simplex virus wild* type strains. 0207 
contains a 9.0 kB fragment, expected if the lac z gene 
was inserted into the 6.0 kB fragment of strain F. When 
the filter was hybridized with a lacZ gene probe alone, 
only the 5.3 kB fragment of hzK3 and the 9.0 kB fragment 

20 of 6207 was detected. These results demonstrates that 
the lac Z gene fragment is inserted into appropriate site 
in the genome. 

To confirm that G207 contains deletions in the 734.5 
gene. Viral BK&e of strain F, R3616, G207 were digested 

25 with Bam HI and subjected to Southern blot hybridisation. 
Plasmid pKB4081, containing wild- type sequences of the 
^34.5 gene was used as probe. The 734. S gene naps in the 
Bam HI SP and S fragments. Strain F contains the wild- 
type Bam HI SP and S versions of these fragments, whereas 

30 R3616 and G207 contain the deleted versions of these 

fragments.. These results demonstrate that both 734*5 

genes are deleted in R3616 and G20? viral dha. 

Herpes Simplex Virus J&xtants Targeted to Specific 
Call Types 

35 Plasmids containing the 2.2-kB EGFR promoter fragment 

from pERGAX2, see Johnson et al., <7. Biol. Chew. 263: 
5693 (1988), and a 2.1-kB BFGF promoter fragment from 
pF2 .ICAT, see Shibata et al. , Growth Factor 4: 277 
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(1991) , are used to characterize transient expression of 
a marker protein <0-galaetosidase) . The cell -specificity 
of these constructs is confirmed in human U-87MG 
glioblastoma cells for BFGP [Takahashi et al., FEBS 
5 Letters 288:65 (1951)1 and in A431 human epidermoid 
carcinoma cells for EGFR. Liberman et al., Nature 313:144 
(198S) . A431 cells are available as ATCCs CRL 1555; D - 
87MG KG cells are available as ATCC: HTB 14. 

For example, the tumor cell -specific proj&oter ic 

10 cloned into an ICP4 plasmid upstream of the ICP4 coding 
region. Examples of ICP4 plasmids include pGR108 or 
pXhoI-C. Roberts et al., J. Virol. 62j 4307 (1988). This 
plasmid is then recombined into herpes simplex virus 
ICP4\ Herpes simplex virus I CP* can be constructed by 

15 deletions or insertions into the XCP4 coding region. 

DeLuca et al., J. Virol. 56: 558 (1965); DeLuca and 
Schaffer, Nucleic Acids Res. 15: 4491 (1987) ; Paterson 
and Everett, %T. Gen. Virol. 71s 1775 (1990). The vector 
of the invention can also be made ICP4- by a deletion or 

2 0 insertion into the ICP4 coding region - Such ICP4 * 
vectors are isolated on ICP4 expressing cells. DeLuca 'et 
al., supra; DeLuca and Schaffer, supra? Paterson and 
Everett, supra . Alternatively* the ICP4 regulatory 
region of the herpes simplex virus vector is replaced 

25 with the tumor cell -specific promoter so that ICP4 is 
only produced in cells capable of expressing the replaced 
promoter. The herpes simplex virus mutant containing its 
ICP4 gene under the control of a tumor cell -specific 
promoter is tested for its ability to infect and kill 

30 specific tumor cells. 

SXAXPXX SAPXTT AHD EFFICACY STUDIES 

The in vitro efficacy of tha mutants as <*nfci -glioma 
agents can be determined using assays of glioma 
cytotoxicity on cultures of a long-term human glioma cell 

35 line, U-87MQ, as veil as early-passage human 
glioblastomas. To evaluate tumor inhibition in vivo, 
subcutaneous D-87MS xenografts in nude mice are treated 
separately with inoculations of each viral mutant or 
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vehicle, and tumor growth rates were analyzed. To 
investigate the potential, effects of the herpes simplex 
virus mutant treatment on survival, nude mice with 
intracranial U-87MG xenografts are treated with virus or 
5 vehicle inoculations, and overall survival is compared* 
To evaluate the degree of tumor eradication/ as veil 
as the potentially retained neurovirulence of the viruses 
when used at doses necessary to achieve prolonged 
survival, the brains of long-term cmrvijtorfi with 

10 intracranial xenografts are sectioned, stained, and 
microscopically examined. Por effective in vivo tumor 
inhibition and survival prolongation, careful choice of 
mutant employing the assays described herein is 
essential. The following methods provide clear guida n ce 

15 to those of skill in the art to screen for mutant viral 
vectors that are effective is vivo in inhibiting tumor 
growth and prolonging survival- To establish the 
relative safety of these viruses as. potential anti-glioma 
agent 8, their susceptibility to the common antiherpetic 

20 agent ganciclovir is investigated. Finally, to establish 
the safety of intracerebral inoculation of the mutant 
viral vector, animals receive an intracerebral inoculum 
of the mutant virus and are subsequently assessed for 
encephalitis. 

25 In vitro Cytcpathic Killing 

The ability of the herpes simplex virus vectors of 
the invention to kill tumor cells is first tested in cell 
culture. All viral work is done in approved, designated 
viral vector rooms. Viruses are initially grown on Vero 

30 cells, as described in Martuza et al., science 252:854 
(1931) . To maximize the titer of the viral mutant, the 
initial viral suspension was centrifuged at 34,500 g for 
2 h at 4*C, and the pellet was subsequently suspended in 
media and again titered. Viruses are applied at varying 

35 multiplicities of infection <M0Ie) , between 10 l and 10^. 
MDI values were calculated from cell number. The 
appropriate number of viral pfu was applied and 
distributed evenly. Ooen et al., «7. Virol. S3: 477 
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(1985) « All viral -infected cell cultures were compared 
with control cultures (DMEM+ only, no virus) . Cells were 
maintained and observed microscopically. Cells that had 
become rounded, losing normal morphology, and those 
5 lifting from the plate were considered dead* Monolayers 
were considered completely destroyed when 99% or more of 
the cells exhibited ouch cytopathic effects. 

Either . the mutant or its wild- type parent were 
applied to a human glioma line (U-87MG) and African green 
10 monkey kidney (Vero) cells at multiplicities of infection 
(MDIs) from 10* to 10 1 in DME+ (Dulbecco'e modified 
Eagle's medium with 1-5% heat-inactivated fetal calf 
serum ((IPCS) and antibiotics). The malignant human 
glioma line U-Q7MG was obtained from American Tissue 
IS Cell Collection, Rodcville, MD. Additionally , two 
primary human malignant gliomas were obtained as surgical 
tumor specimens. Martuza et al., supra, (1991}. All 
calls were grown in Dulbecco's modified Eagle's medium 
with 10% fetal bovine serum and antibiotics (DMEM+) . 
20 Subconf luent monolayers of U-87MG and Vero cells were 

infected with the mutant viral vectors of the invention 
at varying KOIs . The infected cells are cultured in 1*5% 
IPCS -containing medium at 34-5°C. The viable cells ware 
identified by the Trypan blue exclusion method. The 
25 mutant expressing cytopathic effects at 24 hours that is 
proportional to the HOI and expressing >99% cytopathic 
effect after 10 days in U-87MG is deemed to possess the 
ability to kill glioma cells in vitro. The lowest 
inoculum of the mutant virus that can sustain a spreading 
30 infection to destroy the entire monolayar of U-&7MC oalla 
will provide one of the doses at which the mutant is 
evaluated in vivo. The mutant viral vector also is 
tested against a different human glioma line {T986) at 
various KOIs and assessed for its ability to produce 
35 monolayer destruction within 10 days* 

Short-term glioma cultures were established by 
explanting three malignant human gliomas (one anaplastic 
astrocytoma and two glioblastomas) obtained at surgery in 
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and were studied at the second passage. The mutants 
are tested at various MOIs for their cytopathic effects. 
The herpes simplex virus mutant and dose that is 
cytopathic in all three primary malignant gliomas is 
5 deemed to be able to kill a wide variety of human brain 
tumor cells la vitro. 

In addition to glioma cultures, the viral mutants are 
tested for - their ability to kill 3 human malignant 
meningiomas, 1 atypical meningioma, 5 neurofibrosarcomas. 
10 and 2 mednlloblaetomas in cell culture, and* in the in 
vivo models* The viral mutants are tested at MOIs 
ranging from 10* to 10"*. Significant tumor inhibition by 
the mutant virus reveals a wide range of nervous system 
tumors Cor which the viral mutant is efficacious In 
15 killing human brain tumor cells. 

Figure 3 documents the in vitro cytopathic efficacy 
of G207-1 and 6207-2 on U-87MG cells. Subconfluent 
monolayers of U-87MG cells were infected with 0207-1 or 
G207-2 (KOI - 0.01 or 1) , while the controls were mock- 
20 infected and cultured with 10% IFCS-containing medium at 
14.5°C. The viable cells were identified by the Trypan 
blue exclusion method. The number of surviving cells 
relative to the number of cello in nock- infected control 
cultures (100%) was assessed. Each data point represents 
25 the mean of triplicates. Vertical bars indicate the 
standard deviation of the triplicates. Each of the viral 
mutant 8 killed all of the tumor cells by € days post- 
infection. Cytopathic effect appeared on day 1 
postinfection for MOI of i.o, with >99* cytotoxicity 
30 evident by day 3 for 1.0 KOI and by day € for 0*01 MOI . 
The cytopathic efficacy of these mutants can also be 
tested on the human glioma cells lines T98G, TJ-138MS and 
A172. 

The herpes simplex virus vector of the instant 
35 invention can be used to mediate the destruction of other 
human tumors. Examples of other human tumors that may be 
amenable to this i n v en tion include melanoma, car cino ma of 
the prostate, breast cancer, pancreatic cancer, lung 
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cancer, colon cancer, lymphoma, hepatoma, and 
mesothelioma. Human tumor cells can 'be cultured from 
primary tumors as described. Fogh and Trempe, HUMAN TUMOR 
CELLS IN VITRO, Plenum Press, N.Y. (1S7S) p. iis ; Wilson, 

5 chapter 8, ANIMAL CELL CULTURE, A PRACTICAL APPROACH. IRL 
Press (1986) . We have shown that a human melanoma cell 
line* SK-MBL-31 (ATCC: HTB 73) ; human prostate carcinoma 
cell lines, Dul45 (ATCC: HTB 81) and PC3 (ATCC: CRL 
1435); human epidermoid carcinoma cells, A431 iATCC: CRL 
10 1555); and human lung carcinoma cells, Calu-1 {ATCC: 
HTBS4) are susceptible to infection by attenuated mutants 
of HSV-l. 

Anti-viral Agent Sensitivity 

To overcome the insensitivity of some of the prior 
15 art herpes simplex virus mutants to anti-viral agents, 
another drug target (for example, suicide-gene) is 
inserted into the virus. For example, the CMV XJL97 gene 
(gan 5 ; pGMT7-0L97) is inserted into TK* HSV-1 mutants and 
tested for its ability to complement the inability of TK" 
20 HSV-1 to replicate in serum- starved cells and confer 
ganoiolovir sensitivity on thie recombinant. After the 
viral vector containing the suicide gene is tested for 
ganciclovir sensitivity, a comparison of the rd* (in 
vitro) and Mean Survival Time of the suicide containing 
25 and suicide absent viral vectors (eg. HSV-l mutants TIC 
/UL97 and dlsptk) is made in the presence of ganciclovir. 
Ganciclovir- sensitivity assay 

Confluent monolayers of Vero cell** in 12 -well plates 
are infected with 100 pfu of R3616 or G207, where the MOI 

30 remains below 0.0005. After removing the virus inoculum, 
DMEM plus 1% inactivated fetal calf serum i n * 1000-fold 
diluted human immunoglobulin (Armour Pharmaceutical 
Company; Kankakee, IL) containing various concentrations 
of ganciclovir is added to triplicate cultures and cells 

35 are incubated at 37 *C. Plaques are visualized by Giemsa 
stain and counted on day 3 postinfection. The 
ganciclovir (GCV) sensitivity of R3€i€. G207-1* *nH G207- 
2 is illustrated in Figure 4, which reveals that G207-1 
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and C207-2 are ten times more sensitive to ganciclovir 
than R3616. The ganciclovir sensitivity of R3616 is 
similar to wild-type. Each data point represents the 
tnean of triplicates. The plaque number in the absence of 
S ganciclovir represents 100% plaques. The dotted line 
indicates the ED». 

T&ajpezature sensitivity or mutant viral vector 
To provide an additional safety feature that further 
cornpromi aea viral replication in the pre*«nc* o€ 
10 encephalitis and fever, the sensitivity of the mutant 
viral vectors to temperatures greater than the basal 
temperature of the host are ascertained. Table 2 
demonstrates the decreased plaguing ef ficiency of G207-1 
and G207-2 at elevated temperatures. The plaque 
15 efficiencies were determined by titering virus stocks on 
Voro cell monolayers . Infected Vero cell monolayers are 
cultured with 1* IPCS medium at 37°C or 39.S°C and fixed 
at 48 hr postinfection. Plaques are counted following 
Giemsa staining. Titers are expressed as pfu/ml. The 
20 hxS3 mutant showed temperature sensitivity compared to 
the parental strain KDS as previously reported. Goldstein 
and Waller, Virology 166:41 (1988) . The HSV-i wild-type 
strain F, which is the parental strain of R3616, 3207-1, 
and G2Q7-2, is also temperature sensitive. The R3616, 
25 G207-1, and G207-2 Toutants remain as temperature 
sensitive as their parental strains. 
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10 SZAHPLS 3 . IK VIVO EXTRACRANIAL K0D2M 

Subcutaneous glioma xenograft transplantation 
and therapy 

The effects of mutant herpes Biraplex virus Infection 
on human brain tumors in vivo were assessed in a thymic 

IS mice to allow for growth of the human tumors. 
Subcutaneous xenograft implantation was performed as 
previously described. Martuza et al., Science 252:854 
(1991) andMarkert et. al., Neurosurg. 32sS97 (1593). To 
test the effect of the herpes simplex virus mutants on 

20 human glioma in vivo, 1 mm* minced glioma pieces 
(obtained from xxude mice previously injected 
subcutaneously with cultured U-87MG cells) are implanted 
subcutaneously into nude mice. Nude mice are 

anesthetized with 0.2S ml of a solution consisting of 84% 

25 bacteriostatic saline, 10% sodium pentobarbital (x 
mg/ml), and €\ ethyl alcohol. Animals dying within 48 
hours of any procedure are considered perioperative 
deaths and are excluded from analysis. Deaths in the 
subcutaneous tumor experiments are excluded from analysis 

30 (no significant difference in deaths occurred between 
virus-treated groups and their corresponding controls) . 

Between weeks 4 and S, Animals gr o wing tumors (*8 mm 
in diameter) are divided into two groups of 7 to 10 
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animals per group. Controls received intranepplastic 
injections of 50 or 60, j*l of DMEM+; treated animals 
received similar intraneoplastic injections of virus 
suspended in Dosea administered for each virus 

5 vary between 10* and 10 s plaque forming units. Care is 
taken to distribute virus throughout the tumor. For two* 
dose experiments, subsequent Injections of DMZM+ or virus 
are made on. Day 14. Similar experiments are conducted 
for each of the virus mutants at various dos^£. 

10 Tumors were measured weekly or twice weekly with 

Vernier calipers. Growth of subcutaneous xenografts was 
recorded as the tumor growth ratio by formula ( [1 x w x 
h]/2)/([l x w x hltfoo/2) as described in Martuza ec al., 
supra (1991) . Growth ratio cotnpar leans were made at 28 

15 days after the initial treatment. Potential differences 
in growth ratios were assessed by use of tho one-aided 
Wilcoxon rank test. 

Subcutaneous glioma xenograft therapy xtainff 6207 
Mice harboring subcutaneous tumors (approximately 6 

20 mm in diameter} were randomly divided (n-C per group) and 
treated intraneoplastically with either 5 x 10 7 pfu of 
02 07 virus suspended in 0.05ml virus buffer or with 
buffer alone. The tumor diameter was measured by 
external caliper measurements . For pathological studies, 

25 tumor-bearing mice (>10mm in diameter) were treated with 
1 x 10* pfu of 620? and sacrificed on day 8, 15 
pos tin j ect ion . Tumors were removed, placed in fixative 
for 1 far and submerged in cold phosphate buffered saline. 
Tumors were then placed overnight in X-gal solution. 

30 Figure 5 is a graph showing the growth ratio of 

subcutaneous U-87MG tumors in Balb/c (nu/nu) mice treated 
with 5 x 10* pfu of C207-1 (olosod circle) or G207-2 
(closed square) on Day 0, or with control medium alone 
(open circle) . Tumors were measured twice weekly with 

35 calipers and the growth ratio calculated by dividing the 
tumor volume by the tumor volume on the day of initial 
inoculation. Bars represent mean ± SE for each group. 
The mean tumor gro w th rate was significantly inhibited in 
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tumors treated with G207 compared to control tumors 
treated with medium alone. 
Subrenal Capsule Model 

The effects of O207 on U-87MG cells grown in the 
S subrenal capsule of the nude mouse also would be tested 
because the subrenal capsule is a site used for 
monitoring growth of other nervous system t moors- l/ee et 
al., Xeurosurg. 26: 598 (1990); Medhkour et al., J". 

mumsuxg. 71; 545 (1989). U-87M3 cells (ITS X 10*) 

10 would be planted in the subrenal capsule of nude mice. 
Ten days later, the tumors are measured and inoculated 
with varying pfus of G207 in 1 0 DME+ or 1 jil DMK+ 
alone. All mice were re-examined at 14 days and 26 days 
following inoculation to measure tumor size, virus- 

15 treated tumors that are smaller than control tumors show 
that the mutant virus is capable of killing tumor cells 
in vivo. 

SXAMPLS 4. XV VIVO XOTBACMHXAL TUJ40E KX&LXS9 

To evaluate the in vivo efficacy of the replication- 

20 competent hexpes simplex virus vector in treating 
intracerebral gliomas, nude mice would be 
stereotactically inoculated in the right frontal lobe 
with i.€ X 10* U-87KG cells. In a pilot etudy, a oimilar 
cell inoculum caused 100% mortality within 1.5 months- 

25 Ton day© aftnr tumor implantation, animals would be 

divided randomly into treatment groups to receive the 
following therapies at the same stereotactic coordinates 
used for the tumor implants: (1) the control group would 
receive intracranial inoculations of 6 pi DKE+ as above, 

30 (2) the second group would receive intracranial 
inoculations of 10 s pfu (low-dose) of the mutant 
replication- competent viral vector, (3) the third group 
would receive intracranial inoculations of 10 5 pfu 
(middle-dose) of the test virus, and (4) the fourth grotg> 

35 would receive intracranial inoculations of 10* pfu (high 
dose of the test virus), each suspended in 6 fil 
inoculations would be in 2 pi wu* at the etereotactic 
co-ordinates initially used to inject the U-87HG cells. 
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By 7 weeks, all control animals would be dead, as they 
have been in past evaluations. A mutant viral vector of 
the instant invention is one that kills intracerebral 
brain tumors by keeping a significant number of the mice 
5 alive by seven weeks post- treatment- Significance is 
determined by plotting experimentals vs. controls in a 
one-tailed Fischer exact test. 
In vivo JfenrqpathoJcgy 

The animals that remain healthy and nsurologieally 

10 normal at 19 weeks are sacrificed. The entire brain will 
be fixed, serially sectioned at 7 pa intervals, stained 
with hematoxylin and eosin, and microscopically examined 
for evidence of encephalitis and/or tumor. The absence 
of evidence of encephalitis would reveal that the viral 

15 vector possesses the characteristic of decreased or 
attenuated genoraliaed neurovirulence . The absence of 
evidence of tumor would reveal that the viral vector is 
efficacious ^ killing human brain tumor cells in vivo. 
In vivo treatment would be more effective for those 

20 herpes simplex virus mutants that exhibit decreased 
neurovirulence yet retain cytppathic effects in glioma 
cells because ouch vectors would allow tumor treatment at 
higher viral doses. 

St2idiB9 of Herpes Simplex Virus MutsntB in 

25 Tmmnn* Ccextpetent Animal ModelB 

To test the efficacy of the herpes simplex virus 
mutants in killing human tumor cells in the presence of 
a competent immune system, the GL261 mouse 
ependymbblastoma model would be utilized in its syngeneic 

30 host, the C57BL/6 mouse. The GL261 cell line would be 
implanted subcutaneously or intracranially in C57BL/6 
mice. Animals harboring subcutaneous GL261 tumors would 
be randomly divided and treated intraneoplastically as 
described above in the nude mouse model. The virus- 

35 treated group shewing significant growth inhibition, as 
assessed by the Wilcoxon rank sum test would then be 
assayed in the Intracranial utuOies. 

For intracranial studies, mice would be injected with 
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10 4 QL261 cello in the right frontal lobe. After 7 days, 

the animals would he inoculated intraneoplaetically with 

either mutant virus or with medium alone. All of the 

media treated mice would probably die, as they have in 

previous studies, The viral mutants that would be 

capable of prolonging mouse survival to 40 days or longer 

after tumor cell iiqplantation would be considered 

efficacious in killing human brain tumor cells in vivo. 

Neuropathology and Tumor Killing in fiezpe* 
Simplex VlxuB-Ioemmized Jjm^j p * ^ 



Since herpes simplex virus is endemic in society, an 
effective thorapy would have to accommodate patients that 
have been exposed to HSV-1. Accordingly, it is important 
to determine whether the mutant herpes simplex virus 
15 vectors of the present invention can destroy tumor cells 
in situ in animals that have been previously immunized to 
herpes simplex virus. The effect of herpes simplex 
virus-immunization on the ability of the mutant viral 
vector to kill tumor cella in vivo would be tested in the 
20 GL2M intracranial model in C57BL/6 mice. 

C57BL/6 mice would be immunized against the KOS 
strain of herpes simplex virus; another group of mice 
would be immunized with the wild- type strain from which 
the vector is derived; another group would be mock- 
25 immunized with saline . Those mice that demonstrate high 
serum titers of antibody by plague reduction assay 2 
weeks after inoculation would be used as herpes simplex 
virus - immunized animal*. Pour weeks after immunisation, 
tumor cells would be injected intracerebrally as 
30 described above. One week later , the tumor would be 
inoculated at the same stereotactic coordinates with the 
vector using medium alone in the negative control group. 
The effect of pre- immunization on tumor cell growth r 
subsequent animal death , and the ability of herpes 
35 simplex virus to kill the tumor cells would be aesecoed 
as described for the intracerebral model. 

In addition, several animals from each group would 
be sacrificed for a neuropathological study during each 
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of the acute phase (2 days) , subacute phase (1 week) , and 
chronic phase (1 month and 3 months) m The following 
histologic pathologies would be assessed: tumor eiae, 
immune cell Infiltration, brain edema, necrosis, 
alteration of neurons, glia, rayelination, hemorrhage! 
blood vessel proliferation or destruction, reactive 
astrocytes, normal neurons and glia, ischaemia, gliosis 
and the spread of virus (PGR for viral SNA or 0- 
galactosidaseK These studi«* would determine whether 
pre- immunization against herpes simplex virus has any 
effect on the mutant viral vector's ability to kill tumor 
cells or elicit neuropathogenesis, 
identification of Virus Location 
Herpes simplex virus containing the E. coli LacZ gene 
IS and expressing 2-galactosidase after viral infection is 
a useful marker for histologioally determining the 
dynamics and spread of the tagged virus. Because the 
hrR3 mutant contains the E. coli LacZ gene inserted into 
the TCP* gene such that the virus expresses £- 
20 galactosidase during viral replication, infected cells 
can be stained with X-gal. Goldstein and Heller, supra 
(isse) . 

Tfei© marker permits following the epread of virus in 
vivo by examining brain specimens from mice at various 

5 time points after infection with hrR3 by staining with X- 
gal. Xaplitt et al., Mol. & Cell. Xeurosci . 2: 320 
(1991) . The presence of viral ly- infected cells in fixed * 
brain sections is determined by PGR and conpaxed to the 
proportion of X-gal staining cells. The tumor is visible 

0 after counter-oteiniag with H&E wr immunohistochemically 
with tumor-cell or species-specific markers. In this 
way, replication- cocnpe tent viral vectors would be tnek^d 
and assessed for their ability to spread to tumor cell 
deposits at a distance from the main tumor mass. 

> Histologic studies would determine the maximum distance 
that the virus can spread to reach a distant tumor 
deposit. 

Another sensitive technique for identifying the 
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presence of herpes simplex virus or defective herpes 
aimplcx virus vector in brain- sections would employ PCR. 
In order to localize viral DBA, DNA for PCR would be 
isolated from cells after fixation and histochemistry 

5 such that even single positive cells would generate a 
specific PCR signal. Using specific oligonucleotide 
primers, unique PCR products would be generated from the 
viral vector M present in these cells. Cover slips 
would be removed from elides and onall pieces of tissue 

10 would be dissected out. The tissue would be incubated 
with proteinase K, Tveen-20, oligonucleotides and PCR 
buffer at €S«C for 90 win. and then increased to 95«C to 
inactivate proteinase K. The treated samples would be 
diluted with dSTPs, PCR buffer and Taq UNA polymerase and 

IS thermocycled. The PCR products then would be size 
analyzed by agarose gel electrephorooiD . la addition, 
available in situ PCR techniques could be utilised to 
localize viral DBA during the neuropathological studies. 
Embretson et al., Proc. Mt'l Acad. 8ci. USA 90: 357 

20 (1993). 

Safety of Seplioatloa-Cbapecent Herpes Sijaplex Virus 
Jfetant* in etfee and Jkm-btman Pxisates 
To establish that the herpes simplex virus vector 
does not produce neurovirulence at the dose required to 
25 kill tumor cells, animals receive inoculations of tumor- 
killing doses of the mutant herpes simplex virus vector 
to determine whether the vector would cause herpes 
simplex virus encephalitis in vivo. Aiiquots (10*1) of 
G-207-1, O-207-2 and strain P were inoculated into the 
30 right cerebral hemisphere of thre* week old nice: deaths 
were scored up to 21 days postinfection. Table 3 shows 
that the intracerebral inoculation of Balb/c mice with 
the parent wild-type virus (strain P) at 10' p.f.u. 
caused half the animals to die from encephalitis. Chou 
3S et al., Science 250: 1262 (1990). The known in, for 
strain 17 is also 10» p.f .u.'e. McKie et al., J. Sen. 
Virol.. 75* 733 (1994). In eontiast, no mortality or 
illness was observed following intracerebral inoculation 
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of the highest titers of G207-1 or G207-2 that we could 
produce (10 7 p«f «u. in 10_ul) . The dose of 10 7 p.f *u. was 
shown to kill tumor cells in vivo in the subcutaneous U- 
87MS tumor growth model, as shown in Figure 5. 

5 Ftffl fflffi E^B Bf 



Neartriraknct of G20M and G207-2 la Balb/c mice 
CL& traction fbrliy 


1 BaIMeiDioeGttfc»4UQ 
1 tnfngmaal itgecfom (10/d) 






| gwt-i 




x8 


(8/8. all mice cdto) 


G207-2 


IxHPpfe/lOfd 


X8 


(8/B, all mice alive) 


9 SqjIii F 




x8 


(4/8, 2 oc day 3. 1 oa day 5, 1 on 
day 14) 



Actus trivlgatus, a primate species exceedingly 
sensitive to herpes simplex virus encephalitis , is used 
IS to test the safety of the mutant herpes simplex virus 
vectors of the invention* Katzin et al, Proc. Soc, Exp 
Biol. Med. 125a 391 (1967); Melendez et al., lab. Miim. 
Care 19:38 (1969) . 

Magnetic Resonance Imaging (MRI) scanning or other 
20 imaging analysis would be used to assess encephalitis- 
MonkeyB would receive a larain MRI with and without 
gadolinium prior to the start of the trial. 

Initial nesting would b« pftrfotrnftd *t thm highest 

dose that can be generated for the particular mutant 
25 that has been determined to be safe in mice GAo or 
less) • For example/ 10 T pfu would be a dm i n istered 
intracerebrally for the Q207 deletion mutant to be 
tested. The dose that is well tolerated by a species 
known to be highly sensitive to herpes simplex virus, 
30 pzovidee the most compelling evidence that this 

treatment would be reasonably safe in humans. If no 
clinical or MRI evidence of encephalitis is noted 
within 1 month, another animal would be tested at that 
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same dose or at a log higher. The animal would be 
observed daily for signs, of neurological and systemic 
illness. 

This method can determine the maximal dose that 
5 can safely be administered intracranially without 
producing death, persistent neurological signs / or 
progressive illness. After 12 months, the animals 
would be sacrificed and the brains examined for loss or 
alteration of neurons, glial reaction, myeli naW on, 

10 hemorrhage, blood vessel proliferation or destruction, 
viral DNA (by PCR) or virally- induced 0-galactoeidase 
in blood vessels, ischaemia, necrosis, gliosis, and 
inflammatory reaction. These studies would elucidate 
the neuropathology lesions lit any) that might be 

15 expected to occur in the normal primate brain as a 
result of infection with this vector. 

The genus Actus had been long thought to be a 
monotypic genus with Aocus trlvigatus as its sole 
representative. Studies have proved, however, that 

20 Aotus is a tnultispecific genus with species and 

subspecies ranging in chromosome number from 2n«<6 to 
2n=5€ (Aotus nsncymal, karyotype 1 owl monkey, 2n«S4) . 
When the susce pt ibility of owl monkcyo to herpes 

sitrplex virus was reported in the 1960's, they could 
25 not distinguish Aotus trivigatus from Aotus nancymai. 
Malaga et al-. Lab* Aaia- Sci. 41: 143-45 (1SS1) ♦ 
Under current taxonomic classification, however, Aotus 
nancynai was formerly believed to represent Aotus 
trivigatus. Kershkovitz, Amer. J. Priinatol. 4:209 

30 (1963) . 

Replication-competent viral vectors of the instant 
invention would be tested for their ability to produce 
herpes simplex virus encephalitis in primates that are 
sensitive to herpes simplex virus induced encephalitis, 

35 namely, Aotus nancyooi and/or Aotus trivigatus- An 

Aotus nancymal ia still living three weeks after being 
inoculated with 10* pfu of the <5207 mutant* 
EXAMPLE 5 . TREATMENT 07 EUKW BRAIN TOKORS WITH 
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StSPUCRTXON-CaMPSTSNT VIRAL VECTORS 

Patients with recurrent glioblastoma that was 
refractory to standard surgery, radiotherapy and 
chemotherapy would bo treated with herpes eimplex virus 
5 therapy. The patient would be scanned using MR1 or CT 
or other technique and the tumor and normal brain 
registered in stereotactic space. The virus would be 
administered using stereotactically guided 
neurosurgical techniques. A computer tomography (CT) 

10 scan or magnetic resonance imaging (MRI) scan computes 
the stereotactic frame that would be used to accurately 
inoculate virus into a tumor at one or wore locations, 
virus would be inoculated at a dose of 10 l to 10 7 p.f -U. 
per inoculation using a <2mm cannula, The number of 

15 sites inoculated would depend on the size of the tumor. 
Patients would be followed with periodic MRI scans and 
with neurological examination, blood count, and liver 
function tests. 

In an alternate scheme, patients will be operated 

20 to remove much of the recurrent tumor and virus will 
inoculated in the resected tumor bed in a fashion 
similar to above. 

EXAMPLE 6. REPLICATION- COMPETENT HERPES S2KPLSX 
VIRUS VECTOR VACCXKES 

25 The herpes single* virus vector of th* invention 

can be used as a vaccine to protect an animal against 
herpes simplex virus infection. In the present 
context, "protecting* a subject against herpes simplex 
virus includes both (1) a prophylactic vaccine, i.e., a 

30 vaccine used to prevent a future herpes simplex virus 
infection, and (2) a therapeutic vaccine for treating 
an existing hexpco oimplo* viral infection. 

The herpes einplex virus sample would be prepared 
using standard methodology. Herpes simplex virus- 

3S infected Vero cells would be frozen at -70 C C until they 
are to be used. The material would be thawed and the 
cell debris would be pelleted by centrifugation. ihe 
eupernatant fluid would be discarded and the pellet 
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^suspended to its original voluae tm. 

detJ^ VirUS pl *^ e "ters would ^ 

determined by standard procedures. For exaapie the 
virus would be titrated in triplicate on T\ 
Vero cells in ^ platee . ^J™^ ~ 

sables for 2 hours, cell* would he o^Tji 
10 media contain™ n vvtarxayea Vith 

a caViT a9arose Md incubated at' 37^ m 

a coj-rich environment for 4a h a - , ^ 
eano a«. ° r 48 h - second overlay, the 

° *° abcve «*«=Pt for addition of neutral ^ , 

through a second filt-r ^ refiltered 
7 ™l^ er ^ ch « reaanpled. 

— issxxna of herpes mmptw t. ■ l 

lethality of the herpes ei«piex vim* « , 

simplex virus vaccina in *»* v ^, . . pes 

^ M <24 a old suckling; mice rr> i 

strain, (Charles *»<n nu.ce, CD-I 

M . . ft8 RiVer ' ^aliegh, north Carolina) . 

Meignier « al.. j. 2hf ^ tm ^ 

137J1S92). Costive titration of herpes siXc 
virus vector vaccine end wild type vaccines J£?£ 
conducted in a single teat uaing the final bu^oYL 
herpee simple* virua vaccine. 

logarithmic dilutions of the vaccine would be 
prepared. Two litters of s mice each ^ould ^ ^ , 
each dilution. Mice would be inoculated 
^r^ebru^ 0.03 * of the appropriate 
dilutions and observed for 21 days. Houee lethality 
T* « the dose in pru that killed^* 

of mice Cc*., pfu/0.03 * of vaccine divided by LD, of 
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vaccine) . 

Also, the herpes simplex virus vector would be 
given to 4 monkeys in the study. An additional six 
"onJceys would receive the vector one year after 

the invention. If intradermal and subcutaneous 
administration of thQ vaecin* oandidate ie well 
tolerated, the herpes simplex virus vector vaccine is 
deemed to be safe for use as an immunoprotective agent 
against herpes simplex virus. 

In addition, all moneys would be tested for serum 
antibody titers specific for herpes sinplex virus 
Monkey seroconversion would be measured by BLISA, after 
prxmary i^nuni^tion . if all u^eye eeroconvert. the 
herpes simplex virus vector vaccine is deemed to have 
efficacy as an immunoprotective agent against herpca 
simplex virus. 

mafLB 8 - 5»» CLXHXCM. 8T0DZS8 KITH BXKFZS 

aassjjBz virus vscroa vaccihx 
Por use as a vaccine, the nutated herpes simplex 
virus vector of the invention would be inoculated 
subcutaneously. Thereafter, herpes simplex virus - 
opecific antibody titers and herpes simplex virus - 
specific cell mediated response levels would be 
determined. Meignier ec al., j. infect. Diseases 162: 
313 (isso) , Burke, curr. Topics In Klcrobio2cgjr and 
Xammdiogy 179: 137 (is 92 ) . The preliminary phase of 
the study would involve an inoculation of four 
individuals with documented HSV-l infections (Group 1) , 
succeeded by inoculation of four HSV-l -naive 
individuals (Group 2) 21 days after the first group had 
been inoculated. Previous HSV-i exposure would be 
documented by medical records or unequivocal HSV-l 
outbreak, as assessed by HSV-l immunofluorescence assay 
available in eJ I nlcal laboratories. This would be 
followed by a randomised trial in 24 herpes simplex 
virus-naive volunteers (Group 3) . Anti HSV-l immune 
globulin and anti -herpetic agents are available on site 
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for the treatment of serious adverse reactions. 

Group 1, 2, 3 and 4 subjects would be admitted to 
the hospital three days prior to inoculation and would 
remain as inpatients until four days after inoculation. 
5 Subjects would then be discharged and assessed on an 
outpatient basis with clinical examinations for 
potential reactions or complications through day 21. 
Subjects developing fever, rash, lethargy, necrotic 
akin lesions, or neurologic signs are followed *vith 
10 subsequent daily clinical examinations and admitted to 
the hospital if deemed necessary. 

Croup 5 volunteers, all HSV-i-naive, would be 
enrolled depending on availability as outpatient 
subjects. Group 5 volunteers would be randomly 
15 assigned to one of two subgroups: one would receive a 
single Injection and the other would receive a. booster. 

Protocol participation studies would include 
periodic examinations of the following: CBC with 
differential and platelets/ urinalysis, eerum 
20 chemistries, serum viremia, serum herpes simplex virus 
antibody, and lymphocyte immune responses to herpes 
simplex virus antigen. Remaining serum samples would 
be maintained froa ea at -00* to -120*C and available 
for additional studies and/or repeats of selected 
25 studies as needed. Fluid in vesicular or weeping 

lesions at the site of inoculation or at distant sites 
would be sampled and placed in viral isolation 
transport medium to attempt virus recovery. Serum 
antibody determinations would include ELISA reactivity 
30 with cells Infected with the herpes eiraplex virus 
vector, HSV-1 antigen and plaque reduction 
neutralisation of HSV-1 viral vector. 

Clinical trials of the herpes simplex virus vector 
should show the vaccine to be safe and effective in 
35 humans* Vaccine recipients would be expected to 

produce significant humoral response as measured by 
ELISA. A positive response would be characterised by 
the production of both neutralizing and non- 
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neutralising antibodies, the latter being measured by 
plaque reduction and neutralization assays. In 
addition, positive lymphocyte histogenesis assays 
would be expected to demonstrate that lymphocytes from 
vaccine recipients proliferate and produce cytokines 
upon exposure to herpes a implex virus antigen in vitro. 
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What Ig flatmgq.iq: 

1. A r^lic&t ion -competent herpes simplex virus 
that i6 incapable of expressing both 

(i) a functional ^34.5 g ene product and (ii) a 
5 ribonucleotide reductase. 

2. A herpes simplex virus vector, wherein the 
genome of said viral vector contains alterations in 
both (i) the 734-5 gene and 

(ii) the ribonucleotide reductase gen©. j 

10 3. A method for killing tumor cells in a subject, 

comprising the step of administering to said subject a 
pharmaceutical composition comprising 

(A) a herpes simplex virus vector that is altered 
in (i) the y34.5 gene, and {ii) the ribonucleotide 
IS reductase gene; and 

<B) a pharmaccutically acceptable vehicle for eaid 
vector, 

such that said tumor cells are altered in situ by said 
vector, whereby said tumor cells are killed. 

20 4. The method of claim 3, wherein said tumor 

cells are of a type selected from the group consisting 
of astrocytoma, oligodendroglioma, meningioma, 
neurofibroma, glioblastoma, ependy foojtui , Schwannoma, 
neurofibrosarcoma, and medulloblastoma . 

25 5. The method of claim 3, wherein said tumor 

cells are selected from the group consisting of 
melanoma cells, pancreatic cancer cells, prostate 
carcinoma cells, breast cancer cells, lung cancer 
cells, colon cancer cells, lymphoma cells, hepatoma 

30 cells and mesothelioma and epidermoid carcinoma cells. 

6. A method for killing tumor cells in a subject, 
comprising the steps of adminia taring to said subject a 
herpes simplex virus vector/ wherein said vector 
comprises a tumor cell-specific promoter wherein said 

35 promoter controls expression of at least one viral 
protein necessary for viral replication and wherein 
said promoter Is induced selectively or at a higher 
level in tumor cells than in normal cells. 
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7. The method of claim 6, wherein said promoter 
is selectively capable of expression in nervous system 
tumor cells. 

8. The method of claim €, wherein said tumor 

5 cells are of a type selected from the group consisting 
of glioblastoma, roedullcblastoma, meningioma, 
neurofibrosarcoma, astrocyLuum, oligodendroglioma, 
neurofibroma/ ependymoma and Schwannoma. 

S. The method of claim 6, wherein said tumor 
10 cells are of a type selected from the group consisting 
of melanoma, lung cancer, prostate carcinoma, breast 
cancer, pancreatic cancer, colon cancer, lymphoma, 
hepatoma and mesothelioma and epidermoid carcinoma. 

10* The method of claim 6, wherein said vector is 
15 altered in the 734-5 gene and the ribonucleotide 
reductase gene. 

11 - A method of preparing a replication-competent 
vector of a herpes simplex virus, said method 
comprising the steps of: 
20 (10 isolating a viral genome of said herpes 

simplex virus; and 

(B) permanently altering said genome so that the 
viruo is (X) sensitive to antiviral agents, (2) kills 
tumor cells and (3} expresses decreased generalized 
25 neurovirulence • 

12. The method of claim 11, wherein said herpes 
simplex virus of said vector is ESV-1. 

13. The method of claim 11, wherein said herpes 
simplex virus of said vector is HSV-2. 

30 14. A t&ethod of protecting a subject against 

herpes simplex virus infection, said method comprising 
the step of administering to said subject a 
pharmaceutical composition comprising 

(A) a herpes simplex virus vector wherein the 

35 genome of said virus is altered in (i) the ^34.5 gene, 
and (ii) the ribonucleotide reductase gene; and 

(B) a pharmaceutical^ acceptable vehicle for said 
vector. 
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15. A method of eliciting an immune response to a 
tumor cell, comprising the. step of administering to 
said subject a pharmaceutical composition comprising i 

(A) a herpes simplex virus, wherein the genome of 
said virus (i) contain an expressible non-herpes 
simplex virus nucleotide sequence encoding a desired 
protein capable of eliciting an immune response in eaid 
subject, and (ii) is altered in the Y 34.s gene, and the 
ribonucleotide reductase gene; and 

(BJ a pharmaceutical^ acceptable vehicle" for said 
virus. 
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